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FOREWORD

This document was prepared by the Environmental Division (EN) of
the U.S. Army Construction Engineering Research Laboratory (CERL) under
the In-Laboratory Independent Research (ILIR) program.

Dr. E. Novak is Acting Chief of EN. COL Louis J. Circeo is Com-
mander and Director of CERL, and Dr. L. R. Shaffer is Technical Direc-
tor.
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GUIDELINES FOR TERRESTRIAL ECOSYSTEM SURVEY

1 1nTroDUCTION

Background

The National Environmental Policy Act of 1969 requires that the
probable impact from major actions of U.S. Government agencies be
analyzed. These analyses are prepared and presented as a portion of
Environmental Assessments (EA) or Environmental Impact Statements (EIS),
and usually require that a considerable amount of time and money be
spent surveying biota -- the flora and fauna -- of the proposed area of
impact. The major problem is the shortage of time available to do
necessary fieldwork. Generally Government agencies attempt to avoid
this difficulty by hiring experts from a variety of disciplines (e.qg.,
botany, entomology, herpetology, mammalogy, ornithology) to perform
field surveys. Even with this expertise, however, the ecological data
usually consist of a "laundry list" of those species that are readily
identifiable, controversial, or economicaily important. Information
about population is limited to categories such as abundant, common,
uncommon, and rare. These categories are seldom quantifiable, are the
interpretation of the individual researcher, and are not comparable
among researchers.

A final problem is that during the course of the survey, some
uncommon or rare -- and perhaps controversial -- species can be missed,
as shown by the discovery of the Furbish Lousewort in New England and
the Snail Darter in Tennessee after construction was partially com-
pleted.

Objective

The objective of this report is to present guidelines to help Army
installations compile and maintain enough information on the biota of
the installation to produce satisfactory input for EA/EIS. Following
the procedures outlined here will allow installations to: (1) reduce
expenditures by using technician-level personnel, since persons with
minimal expertise can collect the required data; and (2) generate pre-
cise quantitative data on the location of various types of habitat, the
acreage of each type, and the number of individuals of each animal and
plant species per unit area in each habitat.

S




——————

Ty —

Approach

The terrestrial ecosystem survey guidelines in this report are pro-
ducts of basic ecological research to identify cause-effect relation-
ships between Army activities and resulting impacts on terrestrial
ecosystems. As part of this research it was necessary to acquire eco-
logical field data. Both by examining the litereture on ecoiogical sur-
vey methods, and by actually using various methods in the field, survey
techniques were developed for ecological sampling so that quantitative
data could be obtained on habitats, their locations, acreage, and
species composition.

Use of the Guidelines

These techniques are part of a three-stage process. While the
information obtained at the end of any one stage will be useful, the
system will be even more accurate and useful as additional stages are
completed. Of course, completion of each successive stage will also
require increasing investments of time and money.

After finishing Stage I, users of this report will have produced a
series of maps, overlays, and tables that will give an estimate of the
amount of habitat, types of vegetation, and types of animals existing on
the installation. Stage II will involve a field verification of the
information obtained in Stage I. Stage III will involve the explicit
documentation of population densities and other ecological parameters of
the various organisms on the installation.

Before starting this program, investigators should study the entire
report because some stages will require field work. If field work is
necessary, it might be more efficient to conduct different portions of
this program simultaneously.




2 STAGE 1. ESTIMATION OF TERRESTRIAL BIOTA

Stage I is essentially a compilation of available information
requiring little, if any, field work. Completion of this stage will
provide a series of maps, overlays, and tables that will give an esti-
mate of the amount of habitat, types of vegetation, and types of animals
existing on the installation. Investigators will compile a list of
species that might exist on the installation, and will determine a range
in possible population levels for some species. Although some of this
information is already available at Army installations and is being used
for the preparation of EA or EIS, Stage I will give more detailed infor-
mation than is presently in the files of most installations. The infor-
mation gathered in Stage I will be compiled in two formats: overlays to
an aerial photograph, and a series of descriptive tables.

Vegetation

The first step in estimating vegetation parameters on the installa-
tion is to obtain United States Geological Survey (USGS) topographic
maps of scale 1:24,000 and aerial photographs of approximately 1:15,000.
These items will be used throughout the study as the base for overlays.
The literature available on the trees, shrubs, and herbs should be
acquired (Appendix A Tists much of the literature available). Soil sur-
vey maps and terrain analysis reports should be obtained, if available.
Most of the mapping can be completed by examining aerial photographs
occasionally supplemented with a brief field examination. Accurate com-
pletion of the vegetation mapping is very important because the faunal
mapping and some detailed vegetational mapping will be based on these
overlays.

The following discussion is a step-by-step presentation of the pro-
cedures to be followed for vegetation mapping and tabulation. First,
Vegetational Characteristics Mapping discusses general definitions to be
used for vegetational mapping. Then Vegetation Characteristics
Deseription explains how to tabulate information gathered through map-
ping.

Vegetational Characteristics Mapping

The base for overlays should be an aerial photograph of a scale
approximately 1:15,000. Production of the overlays themselves should
conform to the guidelines described below; this will result in six over-
lays, one each for tree type, tree canopy closure, shrub type, shrub
crown cover, herb type, and herb ground cover; see Figures 1 through 6
for examples. A seventh overlay should be produced on the aquatic rela-
tionships of the installation (Figure 7). This can be done by transfer-
ring the appropriate information from the 1:24,000 topographic maps to an
overlay. Thus, by placing the overlays on the aerial photograph, users
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will be able to estimate the amounts, types, and locations of vegetation
and habitats on the installation.

The parenthetical symbols accompanying definitions below will be
used as a code for tabulating information later in Vegetation Charac-
teristics Description,

Trees. Trees are woody plants with a stem that has a diameter of
at least 10 cm at breast height. Personnel can map trees for an instal-
lation by examining aerial photographs and transferring to a transparent
overlay plots of the following characteristics:

1. Tree Types (Figure 1).

a. Evergreen (I): defined as predominantly evergreen-coniferous
forest.

b. Hardwood (II): defined as predominantly deciduous-hardwood
forest.

c. Mixed (III): defined as a mixture of between 40 percent to 60
percent hardwood-coniferous.

2. Canopy Closure: measured as the percent of the canopy that is
closed to direct sunlight making contact with lower strata or ground
(Figure 2).

a. 100 percent to 75 percent closed canopy (A).
b. 75 percent to 50 percent closed canopy (B).

c. 50 percent to 25 percent closed canopy (C).

d. 25 percent to 10 percent closed canopy (D).

e. 10 percent to trees absent (E).

The minimum area for the characterization of canopy closure should
be 1 hectare, which is approximately 2.5 acres or 100 m x 100 m. The 1
hectare minimum is used because some species need that much area to
maintain viable breeding populations.

Shrubs. Shrubs are multiple-stemmed woody plants which usually
remain 1ess than 5 m tall at maturity. Mapping shrubs for an installa-
tion requires some field work when the presence of trees or the poor
resolution of aerial photographs hinders visual interpretation. If
field work is necessary in some areas to complete Stage I, it may be
desirable to complete Stages I and II simultaneously. To reduce
unnecessary field work, all information from topographic maps and aerial
photographs should be recorded on the "shrub overlay" before any field
work is started.

17
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1. Shrub Types (Figure 3).

a. Evergreen (I): predominantly evergreen-coniferous shrub
strata; includes desert and arctic shrubs that are not gymnosperms (con-
ifer and their allies) but maintain their foliage to reduce their leaf-
ing time and energy budgets during the growing season.

b. Deciduous (I1): predominantly a deciduous shrub strata.

c. Mixed (III): a mixture of between 40 percent to 60 percent
evergreen-deciduous.

2. Crown Cover. This is an estimate of the percentage of surface
area shaded by the crown of the shrub strata (Figure 4).

a. 100 percent to 75 percent (1).

b. 75 percent to 50 percent (2).

c. 50 percent to 25 percent (3).

d. 25 percent to 10 percent (4).

e. 10 percent to shrub crown cover absent (5).

The minimum area for the characterization of crown cover should be
0.25 hectare, which is approximately 0.60 acre or 50 m x 50 m.

Herbs. Herbs are soft-stemmed, nonwoody plants. Mapping the her-
baceous strata for any installations requires considerably more field
work than either trees or shrubs. The only information available from
aerial photographs is in those areas where the tree or shrub strata are
absent or reduced, and even this information is generally limited to the
presence or absence of an herb strata. Again, it should be emphasized
that before beginning any field work, all portions of Stage I should be
as complete as possible. Much of the field work will be repetitious or
can be completed simultaneously with other parameters, thus reducing the
overall, labor-intensive portion of Stage I.

1. Herb Types (Figure 5).
a. Monocots (I): predominantly grasses (monocot).
b. Dicots (II): predominantly broadleaf (dicot) species.

c. Mixed (III): a mixture of between 40 percent to 60 percent
monocot-dicot.

2. Ground Cover. This is an estimate of the percentage of ground
surface covered or shaded by herbaceous organisms (Figure 6).

18
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a. 100 percent to 75 percent (A).

b. 75 percent to 50 percent (B).
c. 50 percent to 25 percent (C).
d. 25 percent to 10 percent (D).
e. 10 percent to herb strata absent (E).

The minimum area for characterization of ground cover should be
0.25 hectare, which is approximately 0.60 acre or 50 m x 50 m.

Aquatic Relationships. To determine these characteristics, aerial
photographs, soil surveys, and topographic maps are necessary. By com-
bining information from the photographs, surveys, and maps, investiga-
tors gil] be able to produce an overlay for aquatic relationships (Fig-
ure 7).

1. Upland (1): areas of well-drained soils not subject to
periodic flooding.

2. Bottomland (2): areas subjected to periodic flooding that are
at least 20 m from any moving or standing body of water.

3. Riparian (3): areas, whether or not they are subject to
periodic flooding, that are within 20 m of a moving or standing body of
water.

4. Marsh/Swamp (4): areas that normally maintain standing water
that is not open and free flowing.

5. Arid/Semi-Arid (5): areas that normally receive less than 20
in. (50.8 cm) of rainfall per year.

Vegetation Characteristics Description

The following discussion tells how to prepare descriptive tables
compiling more definitive data than on the overlays, and Table 1 is an
outline for presenting the required data.

1. Trees.

a. Tree Species Estimate. The last step in completing Stage I for

trees is to prepare a list of tree species that could inhabit the
installation. The literature on the range, distribution, and habitat
requirements for trees must be searched (see Appendix A). For each
species whose range includes the installation, its common name, scien-
tific name, and habitat (niche) requirements should be provided. This
information should then be cross-referenced with the code listing of

19
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Table 1

Vegetational Composite

Species Present
Description Approximate Acreage In This Habitat

Cod ~ Verbal
Tree ﬁerB Shrub

TIBT ~T13 "T1T Upland hardwood forest with 3250 Plants
75 percent to 50 percent
closed canopy, deciduous Mammals
shrubs with 25 percent to

H 10 percent crown cover, Birds

mixed herbs with 10 per-
cent to absent ground Reptiles
cover

tree types, canopy closure, and aquatic relationships. This would
result in a table containing information such as that in Table 1.

b. Estimation of Acreage. With this information laid out on an
overlay, it is easy to use standard planimetry to estimate the approxi-
mate amount of acreage for each sequence of tree parameters.

2. Shrubs.

a. Shrub Species Estimate. The last step in completing Stage I
for shrubs is to prepare a list of shrub species that could inhabit the
installation. The literature on the range, distribution, and habitat
requirements for shrubs must be searched (see Appendix A). The common
name, scientific name, and habitat requirements of each species whose
range includes the installation should be 1isted. This information
should then be cross-referenced with the coded 1isting of shrub types,
etc. The results should be presented in a table containing information
such as in Table 1.

£ cctan st & mimain

b. Estimation of Acreage: see tree section above.

ke,

3. Herbs. | )

a. Herb Species Estimate: see shrub section.

. b. Estimate of Acreage: see tree section. ‘ :

c. Matting: defined as the dead plant material lying on the sur-
face of the ground. This includes all plant material but does not
include standing dead material. Matting is measured as the material's
vertical thickness and should be based on the same minimal area as

20




described under ground cover (may require field work and can be delayed
until the completion of Stage II or III). The thickness should be coded
as follows:

(1) Thick: 8 cm or more (1).
(2) Medium: 4 to 8 cm (2).
(3) Thin: wup to 4 cm (3).
(4) Absent: (4).

4. Algae, fungi, Lichens, and Other Plant Species. The "other
plant species" in this category are groups such as the ferns,
liverworts, and mosses. Mapping this category is only slightly useful
in obtaining a satisfactory overview of an installation since these
plants do not play a major role in the trophic structure (energy flow)
of the terrestrial ecosystem. However, the plants may be significant in
an ecosystem -- rock, for example -- that is biologically and nutrition-
ally barren. The most efficient and useful method of analyzing these
plants is first to prepare a master list of the species, as was done in
the "Species Estimate" sections for trees, shrubs, and herbs above.
Second, the information presented in the literature on habitat require-
ments could be matched with the information obtained from topographic
maps, aerial photographs, and the tree, shrub, and herb maps, and the
listing of species assigned to the basic areas of the installation.

5. Rare, Endangered, or Threatened Plant Species. This category
requires extremely definitive analysis. Any information gathered during
Stage I will be useful in identifying specific problems. A list of all
rare, endangered, or threatened plant species should be formulated along
with a description of the habitats and a statement on their known or
probable range. This list and discussion should be compared with all
the information gathered to this point, and the species that have the
potential to exist on the installation should be determined.

Animals

The successful completion of Stage I for animals will depend
heavily on how well the vegetational portion has been completed, partic-
ularly the sections on trees, shrubs, and herbs.

At first, most animals are mapped on the basis of groups of
species. Some species -- such as large and small mammals, game birds,
and rare, endangered, or threatened species -- require separate mapping.
Although the topographic maps and aerial photographs are of some aid,
the completed vegetational maps are mo~t helpful.

21
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The literature on each category of animals described in this sec-
tion should be consulted (see Appendix A) and a 1ist of all species, or
each group, compiled. The list should include not only those species
whose known ranges include the installation, but also all those species
whose ranges are reasonably close -- since, as mentioned earlier, Stage
I is a compilation of floral and faunal parameters that potentially
exist on the installation. Stages Il and III are used to verify the
presence of these organisms or habitats to document population dynamics.
The example given for mammals in Table 2 is based on Fort Knox, KY, and
lists 57 species. Of these 57 species, 10 are either on the edge of
their ranges or close enough to require consideration in mapping.

Marmmals

Mammals should be mapped in two different ways; to explain these
methods the information on Fort Knox is used as an example. All mammals
that are hunted and trapped (edible or fur bearers) or that are rare,
endangered, or threatened should be mapped separately by species. The
;emainder of the mammalian species should be grouped on the basis of

abitat.

Hunted, Trapped, Rare, Endangered, Threatened Species. Figure 8 is
a list of such species at Fort Knox. An overlay indicating areas of
suitable habitat should be completed for each species (Figures 9 and
10).

Other Mammalian Species. These species should be organized by
habitat, and no mapping is necessary at this level. Each species should
be cross-referenced with the various types of vegetational characteris-
tics of the installation. This can be done by completing Table 3.

Birds

Table 2 should be completed for birds as it was for mammals. Birds
should be mapped in two stages. All birds that are considered game,
rare, endangered, or threatened should be mapped separately on the basis
of habitat. Then remaining bird species also should be grouped on the
basis of habitat. To explain this method, the information on Fort Knox
will be used as an example.

Game, Rare, Endangered, and Threatened Species. Figure 11 is a
1ist of game, rare, endangered species at Fort Knox. An overlay indi-
cating areas of suitable habitat should be completed for each of the
species. The residency of each species should be determined and indi-
cated as follows: AY = year round resident; B = breeding range only;
W = winter resident; M = migrant.

It may be relatively simple to combine species into an overlay
representing several species -- for example, ducks, geese, and other
waterfowl.
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1. Opossum 12. Woodchuck .
2. Raccoon 13. Eastern Gray Squirrel %
3. Llongtail Weasel 14, Eastern Fox Squirrel

4, Mink 15. Red Squirrel

5. River Otter 16. Beaver

6. Spotted Skunk 17. Muskrat

7. Striped Skunk 18. Eastern Cottontail

8. Coyote 19. Swamp Rabbit

9. Red Fox 20. Whitetail Deer
10. Gray Fox 21. Indiana Bat
11. Bobcat

Figure 8. List of critical mammal species at Fort Knox.
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Table 3 4
L
Vegetational Composite With List of Mammals ‘
bescrioti Approximate Species Present ]
scription Acreage in This Habitat ;
—Code Verbal ) A
Tree Rerd Shrup
1181 114 111 Upland hardwood forest with 3250 Mammals
75 percent to 50 percent closed 1. Blarina brevicauvda
. canopy, deciduous shrubs with 2. Myotis lucifugus :
25 percent to 10 percent crown 3. Myotis sodalis i
cover, mixed herbs with 10 percent 4. Myotis subulatus !
to absent ground cover 5. Lasionycteris noctivagaus .

6. PipistrelTus subflavus
7. Eptesicus fuscus

8. Tasiurus borealis

9. Lasiurus cinereus Y
10. NycticeTus humeralis ’
11. Lynx rufus

12. Tamias striatus .
13. Sciurus carolinensis

14. Sciurus niger ;
15. %iggggng volans |
16. Peéromyscus maniculatus

17. Peromyscus Teucopus A
18. Odocoileus virginianus ;
19. Fyotis keenT ‘
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Habitat areas -- squirrel.

Figure 9.
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1. Wood Duck AY 18. Bald Eagle

2. Turkey AY 19. Peregrine Falcon
3. Ruffed Grouse AY 20. Canada Goose

4, Bobwhite AY 21. Blue Goose

5. Mourning Dove AY 22. Snow Goose

6. Pileated Woodpecker AY 23. Pintail

24. Gadwall
25. American Widgeon
26. Shoveler

7. Common Crow AY

8. Hooded Merganser B

9. American Coot B

10. American Woodcock B 27. Blue-winged Teal
11. Mallard W 28. Green-winged Teal
12. Black Duck W 29. Red Head

13. Ring-necked Duck W 30. Canvasback

14. Common Goldeneye W 31. Greater Scaup
15. Bufflehead W 32. Lesser Scaup

16. Common Merganser W 33. Ruddy Duck

17. Red-breasted Merganser W

TXITTT T EE

Figure 11. Critical bird species at Fort Knox.

Other Birds. These species should be organized by habitat; no map-
ping is necessary at this stage. Each species should be cross-
referenced -- as were mammals in Table 3 -- with the various types of
vegetational characteristics of the {nstallation. This can be done by
first completing Table 2 for birds. In addition to the information
presented in Table 2, the residency for each species should be indicated
as it was with the game, rare, endangered, and threatened species.

Other Animals

A1l other animals (reptiles, amphibians, insects, other inver-
tebrates) should follow the same format as outlined for mammals. Most
groups in this category do not require extensive mapping or documenta-
tion (for the purpose of this report) since, except for insects, they do
not contribute greatly to the trophic structure of terrestrial ecosys-
tems. Furthermore, other groups previously dealt with are equally indi-
cative of environmental and/or habitat conditions. Nonetheless, it
should be noted that these groups are important to communities in which
they reside, and if lost or impacted, could disrupt the community and
trophic structure. For example, the impact of insects is important
because they alone consume more vegetation than all other organisms.

32




3 STAGE 1I. VERIFICATION OF TERRESTRIAL BIOTA

The results of Stage I should yield a composite picture of the
potential biota and habitat of the installation. The material gathered
should be more accurate and reliable than existing information unless
that information was obtained through actual field investigations.

Stage II, which is designed to verify the information gathered in
Stage I, entails some field work. If Stage I indicates that a specific
area is a hardwood, upland forest with a 75 to 50 percent closed canopy,
a 25 to 0 percent shrub crown, an absent herb cover, and is inhabited by
various animals, Stage II should verify such information. The vegeta-
tion information and the presence of large mammals, birds, some small
mammals (squirrels, chipmunks, rabbits, etc.), some reptiles, and some
amphibians can be verified by “cruising."” Cruising requires making
observations while taking a brief walk through the area. Verification
of other parameters might involve a "one shot" collection of floral and
faunal organisms. If such specimens are collected, it may be advisable
to preserve these organisms for future reference or as voucher speci-
mens. The results of Stage II yield a product that both verifies the
types of habitat on that installation, and identifies, by habitat, the
species of organisms existing on that installation. It would be easy to
determine, for example, how many acres of forest edge exist, how many
acres of suitable deer habitat, or how many acres of Redwinged Blackbird
habitat are available.

Since most of this field work consists of "cruising" and spot
checking information, it should not be necessary to visit all portions
of the installation during this stage. Once several areas of each type
of habitat have been checked for accuracy of those plant and animal
parameters previously mapped, it can be assumed that Stage I resulted in
a reasonably accurate characterization of similar habitats. The only
exception to this assumption is if rare, endangered, or threatened
species are discovered during the verification process, then all similar
areas should be examined for the presence of such species.

Biotic parameters can be verified simultaneously for all plants and

animals to reduce the effort required to complete Stage II. The follow-
ing are suggested procedures for the verification process.

Species Familiarization

The individual(s) conducting the field investigation should become
familiar with species that may be present on the installation. Before
investigators go to the field, reference materials including items such
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as Peterson Field Guide Series or Golden Guide Series should be con-
sulted (these and other references are listed in Appendix A). Equipment
necessary is:

1. Mouse traps, rolled oats, peanut butter.

2. Binoculars.

3. Various sizes of sweep nets.

4, Plastic bags (for plants and dead animals); cloth bags for live
animals); jars with a preservative, either alcohol or formaldehyde (for
invertebrates).

5. Pruning shears.

6. Trowel. A

7. Light traps.
8. Fly paper. ?
y

Site Selection

Boundary Verification

The site to be surveyed should be chosen from the maps previously 3
completed on potential habitat and biota. Initially, such an area |
should be one whose habitat type is one of the most common on the 5

installation.

Field Survey

The habitat of the site should be recognizable, and investigators
should drive along or walk the boundary of the habitat. The boundary,
as it actually appears in the field, should be compared to that deter-
mined by use of topographic maps and aerial photographs in Stage I. Any .
significant deviations from the mapped areas should be corrected. 3

LG R

Survey Transect Determination

Personnel can verify biotic parameters by walking along line tran- 1
sects plotted through the area. Transects should be determined with the

aid of a compass because no transects should cross each other. The

number of transects that should be surveyed per unit area can be deter-

mined by the following methods (see Figure 12):




~~———3> Direction of tronsect
weeweme  Trgnsects
e——- Line perpendiculor 10 fransect

B 0. AtoB=40m
b. Tronsects should be 20 m from each edge

\ a. AtoB=80m
b. 80x1/3=26Tm
¢. Two tronsects should be 26.7m
oport ond 26.7 m from edge
{points A ond 8)

a AtoB=190m
b. Tronsects at 5 m intervals

Figure 12. Survey transect determination.

35




—~

Xt A ot 2t Tl S Bl -

e e = e St WA AR & = -

1. Determine the direction of the transects. It is irrelevant
whether the long or short axis is used to initiate the transects.

2. Estimate the length of the longest line that could be drawn
perpendicular to the transects and still remain inside the area.

3. If the line is:

a. 50 m or less, use one transect through the center of the area
(plot 1, Figure 12).

b. 50 to 100 m, use two transects at intervals of one-third the
length of the 1ine. For example, if the 1ine is 75 m long, the first

transect should be 25 m from one edge, and the second transect should be
25 m from the first and 25 from the opposite edge (plot 2, Figure 12).

c. Over 100 m, use a minimum of two transects, and transects can
be set at up to 50-m intervals (plot 3, Figure 12).

Biotic and Habitat Verification

The parameters discussed below should be estimated for each tran-
sect. Upon completion of all transects, the information should be com-
piled and summarized. This information should then be compared with
that obtained in Stage I and a more accurate characterization formu-
lated.

1. Vegetation.

a. Trees,

(1) Tree Types: percentage of evergreen and hardwood.

(2) Canopy Closure: percentages.

(3) Aquatic Relationship: upland, bottomland, riparian,
marsh/swamp, arid/semi-arid.

(4) Tree Species: record recognizable species and obtain samples
of those that are unidentifiable. Samples should be taken by clipping a
branch that has a terminal bud and several leaves.

b. Shrubs.

(1) Shrub Types: percentage of evergreen and deciduous.

(2) Crown Cover: percentage.

(3) Shrub Species: record recognizable species and obtain samples
of those that are not. Samples should be taken by clipping a branch

that has a terminal bud, several leaves, and a flower and/or fruiting
body, if available.
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C. Herbs.

(1) Herb Types: percentage of monocots (grasses) and dicots
(broad-1leaf).

(2) Ground Cover: percentage.
(3) Matting: approximate thickness.

(4) Herb Species: record recognizable species and obtain samples
of those that are not. Samples should be taken by collecting the entire
plant including the root system and flower or fruiting body, if avail-
able.

d. Algae, Fungi, and Lichens: record recognizable species and
obtain samples of those that are not. Samples should be taken by col-
lecting the entire plant.

e. Rare, Endangered, or Threatened Plant Species: record those
species present and plot Lieir approximate location and numbers of indi-
viduals on overlays. Do not collect samples, clippings, or disturb the
plant in any way.

2. Animals.
a. Mammals.

(1) Vvisual Sighting Along Transect: record all species that are
recognizable.

(2) Tracks.
(3) Scat (droppings).

(4) Collection: it is necessary to collect small mammals because
the secretive habitats of most rodents, shrews, moles, and bats do not
allow visual identification. About 25 traps per hectare (2.47 acres)
should be used, and traps should be flagged and placed near the transect
Tine so that they can be found easily. Snap traps baited with a mixture
of rolled oats and peanut butter can be used for the rodents and shrews.
Mist nets and mole traps should be used for bats and moles. If gophers
may be present, gopher traps will be required. All traps and nets
should be set overnight and the specimens collected the following morn-
ing. Mist nets should be set at dusk and recovered shortly before dawn
so as not to collect birds.

b. Birds.

(1) visual Identification.

Al I T O AT S 6
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(2) Vvocal Identification.

(3) Other Signs: some birds may be identified on the basis of
tracks (turkey, pheasant). Owl pellets should be looked for and be
examined by teasing them apart and looking for identifiable animal
remains. Some field guides can aid . identification, or the remains
can be sent to the museums or specialists listed in Appendix B.

c. Reptiles and Amphibians.

(1) visual Identification.

(2) Collection: sweep nets can be used to collect specimens.

d. Insects and Other Invertebrates.

(1) Visual Identification When Possible.

(2) Collection: sweep nets, light traps, fly paper, litter samples
can be used. Rocks, logs, and other debris can be turned over.

e. Rare, Endangered, or Threatened Animal Species: these animals
should not be disturbed but should be identified and their approximate
locations plotted on overlays. Numbers of individuals and precise habi-
tat should be recorded.

Specimen Collection

1. Care should be taken that all Federal, State, and local regula-
tions are followed. Permits may be necessary for collecting some groups
of organisms.

2. ldentify as many specimens as possible by using guides in the
literature. This identification will be useful in later surveys.

3. Submit unidentified specimens to specialists for identifica-
tion. Sources of specialists are academic institutions and various
museums {Appendix B).

4, Maintain a reference collection to eliminate the need of out-

side expertise at a later date. Most field guides include sections on
methods of collection and preservation (see Appendix A).

Other Methods of Verification

1. Special trips to the field need not be made to complete most of
Stage 1I. An investigator could gather information, for example, while
traveling around the installation on other duties.
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2. Groups such as the Audubon Society, Boy Scouts, and Girl Scouts
may be willing to aid in this stage if given adequate guidance.

3. Academic institutions may be willing to help or conduct the
study for a fee.

4. Information may be checked against that available in installa-
tion files from any previous surveys or preparation of EA or EIS.
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L STAGE ITI. QUANTIFICATION OF TERRESTRIAL BIOTA

Stage I provided rough estimates of the quantity of various habi-
tats, their locations on the installation, and the potential species of
plants and animals in each habitat. Stage II verified the information
obtained during the first state and also presented information on rela-
tive population levels. The sampling techniques described in Stage II
are designed to discern population diversity and place less emphasis on
density.

Stage III involves the explicit documentation of population densi-
ties and other ecological parameters of the various organisms on the
installation. Therefore, Stage IIl provides direct quantification of
the amount of biota on the installation. This quantification is done by
calculating the biomass or number of individuals present in a unit area
of habitat. For example, if an installation contains 100 acres of
forest edge, which in turn supports one deer per 4 acres, the result
would be 25 deer inhabiting forest edge. When deer populations in other
habitats are determined, the size of the deer herd can be approximated.
In preparing an EA/EIS, this information would be valuable because if
the amount of each type of deer habitat to be impacted is determined,
then the impact on the total deer herd also can be judged.

Site Selection

iahddir A R e o

An area should be chosen for survey from maps completed in Stages I
and II on potential habitat and biota. It may be desirable to choose
several areas of different potential to be surveyed simultaneously
because examination of habitats (plants, birds, mammals, etc.) can be
conducted in several areas without difficulty. Initially, such areas
should be those whose habitat types are the most common on the installa-
tion. This allows maximum use of available funds and maximum benefit
per unit of effort -- a critical point since field surveys are generally
the most expensive item of environmental studies.

Vegetation

A1l vascular vegetation should be sampled in each basic type of
habitat noted in Stage II. Vascular vegetation is divided into two
working units: (1) woody plants greater than 2 m in height, and (2)
herbaceous and woody plants less than 2 m in height.

Sample Point(s) Determination
Most vegetation sampling is conducted at points along transects,

which need to be randomly determined as in Stage II. The number of sam-
pling points required is based on the approximate acreage to be included
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in the study site. It is necessary to take at least 10 (20 is prefer-
able) samples per unit, regardless of size. The following guide should
be used for determining the number of sample points:

)1. 0 to 40 acres (0 to 16 hectares) = one point per acre (0.5 hec-
tare).

2. 41 to 80 acres (16 to 32 hectares) = one point per 2 acres (1
hectare).

3, 81 to 200 acres {32 to 80 hectares) = one point per 4 acres
(1.6 hectares).

4, Over 200 acres (80 hectares) = one point per 10 acres (4 hec-
tares).

Woody Vegetation Greater Than £ m in Height

The prism method of forest sampling is the best available because
of its accuracy, ease of use, reduced field time, and reduced manpower
expenditure. Although techniques for using this method are diccussed in
Appendix C, several points can be made here to supplement that informa-
tion.

1. Transects along which sample points are to be selected should
be chosen randomly.

2. Samples should be taken so that trees counted at one sampling
point are not counted with those of a nearby point. This problem can be
solved by using a different size (diopter) prism or by separating sample
points and/or transects by a greater distance.

3. Data should be taken as in the following example:

The forest to be surveyed is approximately 63 acres in size; there-
fore, investigators will have to take 65 < 2 = 32.5 or 33 samples. The
transect is selected as a random compass direction and 25 m chosen to

separate sample points. Table 4 gives sample data on the number of each
of 14 species of trees at the 33 separate sampling points.

4, Calculation following the guidelines in Appendix C yields the
following results:

a. 33 points, total count 141, prism factor 27.62.

b. 141 = 4.273 X 27.62 = 118 sq ft (12 m°) of basal area per acre
(0.5 hectare).

c. Results should be tabulated as in Table 5.
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Table 4

Trees' Basal Area

Species
Sample
Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Totals
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Totals 13 14 16 7 14 8 15 9 8 10 8 5 6 8
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Table 5

Basal Area Results

Species Total Count Average Count Basal Area/Acre
(0.5 Hectare)

1 13 0.394 10.88
2 14 0.424 11.71
3 16 0.485 13.40
4 7 0.212 5.56
5 14 0.424 11.71
6 8 0.242 6.68
7 15 0.455 12.57
8 9 0.273 7.54
9 8 0.242 6.68
10 10 0.303 8.37
11 8 0.242 6.68
12 5 0.152 4.20
13 6 0.182 5.03
14 8 0.242 6.68

Vegetation Less Than 2 m in Height

A circle whose radius is 1/1000 of an acre (44.68 in. or 113.5 cm)
should be plotted at each sampling point used for trees. All vegetation
within this area must be identified, and an estimate of cover diameter,
the percentage of cover of the plot, and the number of stems within the
plot must be recorded (Table 6). The results should be tabulated in
Table 7. Appendix D outlines additional methods of vegetation sampling.

Manmals

Although game species and furbearers such as deer, rabbits, and
tree squirrels may be of more interest to the general public, small mam-
mals -- primarily mice, rats, and shrews -- yield more statistically
significant data. These mammals are the easiest to collect and allow
for a study of short duration. Their relatively small home ranges and
high densities of individuals permit such studies to be conducted on
small areas and uniform habitat.

There are two generally accepted methods of studying the population
densities of small mammals. One involves permanently removing the
animals from the site (capture-removal) and the other does not
(capture-recapture). Considerable controversy exists over which of
these methods is more accurate, and over whether the advantages or
disadvantages of one sufficiently outweigh those of the other.
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Table 6

Vegetation Less Than 2 Meters in Height -- Raw Data

Species
(crown diameter/cover %/number of stem)

Sample
Points 1 2 3 4 5 6 7 8 9 10

9/60/4 9/20/7 8/50/3
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Table 7

Vegetation Less Than 2 Meters in Height -- Results

Species Cover Frequency Density

-
e ¢« s e OOBNOAVEWN-

Cover = average % of sample plot crown cover
Frequency = £ of occurrence fn sample plot
Density = average number of stems per sample plot
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Capture-removal allows for quicker analysis of population densities, but
in turn results in less data, loss of the animals to the population, and
a slightly reduced level of accuracy. However, capture-recapture will
be explained here since it can provide more information than capture-
removal and does minimal damage to existing populations.

The s